The purpose of this study is to identify and characterise some of the raw materials in the Criș Valley, in the Apuseni Mountains, Romania which are suitable for knapping tools. The materials cropping out in this area include: siliceous sinter, agate, and silicified wood. The basic characteristics of the materials, obtained by macroscopic and petrographic investigations, provide a reference database useful in provenance studies on individual artefacts or whole assemblages. An assessment of each material is made regarding its quality as a knappable material.
Introduction
Knowledge of the potential geological sources for knappable materials in a certain area is of great importance in archaeology, in particular when studying production and trade of lithic tools in prehistory. In order to determine which artefacts were imported, it is first necessary to understand which artefacts could be of local origin, especially in the case of materials of similar appearance. In many cases though, the local raw materials are rarely described in details in the archaeological literature.
The aims of this paper are to identify and characterise materials of mineral origin outcropping out in the Criș Valley, within the Apuseni Mts., central-western Romania ( Figure  1 ), which may be suitable for knapping tools. It is intended that the information and example images presented here will be of use in provenance studies of lithic assemblages from the study area. The data may be used as references to which artefacts can be compared. The samples collected during this study are part of a larger lithotheque and will also be of use in future sourcing studies. Being able to compare artefacts with samples of potential raw materials helps to narrow down possible sources (Turq 2005) .
The geological background of this area has been covered in numerous other publications (for example, see Ianovici et al. 1969; Ianovici et al. 1976; Savu 1980; Cioflica et al. 1981; Ghiurcă 1981; Savu 1983; Săndulescu 1984; Mârza et al. 1989; Balintoni 1997) . 
Materials

Criș Valley sinter
The origin of the Criș Valley sinter material is associated with the Neogene volcanics and their hydrothermal effect on the environment. Underwater, silica-rich, hot springs led to the deposition of a silica rich solution (epithermal) in small limnic basinets and the formation of a silica gel throughout the Brad-Hălmagiu depression, upper basin of the Criș Alba River. This is evidenced by the presence of fossilised mollusc shells and pond plants remains embedded in the silica and substituted by SiO 2 . This material (opal-A) hardened and began to transform into opal-CT and eventually microcystaline quartz. The same silica rich waters also lead to the silicification of wood at some locations in the basin (Voiteşti 1934: 182; Socolescu 1944: 99; Dimitrescu 1958: 101-102; Ghițulescu & Borcoș 1966; Ghițulescu et al. 1968; RussoSăndulescu et al. 1976: 168-171; Berbeleac et al. 1982; Ștefan et al. 1982: 146-150; Borcoş et al. 1986; Mârza & Constantina 2000) .
The most well-known source is north-east of Brad (Hunedoara County) on Măgura Hill (also known as Măgura Bradului Hill) near the sanatorium (Figures 1 and 2) , where several lens-like deposits are found within a level of the Neogene andesitic pyroclastics (Ghițulescu et al. 1968; Constantina & Pop 2003) . This occurrence of the material is relatively large. The lenses are 10-30 m thick and range up to 0.01 km 2 in surface area . The environment rich in iron and manganese hydroxides with an uneven spatial distribution lead to a wide variation in colour of these rocks. The most common colours are varying hues of yellow and red, as well as greys and black. Green although uncommon is occasionally observed Mârza & Constantina 2000) . The mineralogical composition of this material has been described in detail by who showed that contained granular microcrystaline quartz, microfibrous quartz, and cristobalite-tridymite opal.
The same material can be found in the Neogene pyroclastic andesites level throughout that area of the Criș Valley (see Figures 1 and 2) . Other than Brad, the material can also be found near Hălmagiu, Brotuna, Ociu, Basarabasa, Prăvăleni, Crișcior, Barza, Prohosdiște and Bucureșci. Smaller outcrops occur at many more locations (Bleahu et al. 1964; Bordea & Borcoș 1972; Mârza & Constantina 2000; Bulgariu et al. 2005 ). This material is also referred to as 'geyserite'. Săndulescu et al. (1978) modified by Tudor (2009) and the author of this study.
Other materials (agate and silicified wood)
Agate and silicified wood do not appear to have been used much (or at all) to make tools at archaeological sites in this area. For this reason, they will not be discussed in as much detail as sinter. They are mentioned here mainly for comparison with similar materials from other regions which may have been used for tool making and because it is also possible that artefacts of these materials might later be found in the area.
Agate
Banded chalcedonies (whether parallel or concentric) are called agates (Flörke et al. 1982; Graetsch et al. 1985; Heaney & Davis 1995; Moxon & Reed 2006; Moxon et al. 2007 ). Chalcedony, although technically a form of microcrystalline quartz, has a somewhat different micro-structure and may form differently. Chalcedony has a fibrous fabric, being formed of tiny bundles of fibres <1 μm thick, which radiate out from the surface where deposition started, as opposed to most chert which has a microstructure of interlocking grains or crystals randomly oriented. For an introduction and detailed discussion of particle shapes, see Zingg (1935) , Sneed and Folk (1958) , Graetsch (1994) and Blott and Pye (2008) .
Many researchers have suggested that agate banding forms as a result of crystallisation from siliceous hydrothermal fluids with varying levels of silica saturation and trace element concentrations (Flörke et al. 1982; Heaney 1993; Heaney & Davis 1995) . Folk and Weaver (1952) believe that chalcedony is usually directly precipitated into cavities and cracks, and that crystallization begins at a few centres spaced along such a surface. Banding may be caused by various factors such as fluctuation in trace element content (e.g., iron), pauses in the crystallisation process, changes in pressure and silica content and textural changes. The most common host rocks for agates are fine-grained volcanics, e.g., basalts, basaltic andesites, rhyolites, dacites.
There are various sources of agate within the study area but they are sporadic (see Figures 1 and 2) . As with the above mentioned sinter, the agates are formed due to hydrothermal processes in the Neogene volcanics. Whereas the sinters were deposited in basins, the agates formed within cracks in their parent rocks. This material within the study area has been discussed by previous authors (see, for example, Ghițulescu et al. 1968; Ghiurcă 1981; Mârza & Constantina 2000) . There are numerous samples of agate and chalcedony in general in the collection of the Museum of Mineralogy at Babeș-Bolyai University in Cluj-Napoca.
Silicified wood
There are remains of highly silicified wood in the area between Ociu, Prăvăleni and Basarabeasa (Figures 1 and 2 ), for example, at Culmea Cremenii -which means "Chert Peak" in Romanian -near the town of Prăvăleni). This material is of Neogene age (Lupu et al. 1966) . The origin of this silicified wood is related to the geothermal events and the silica rich which formed the sinter from this region. This material occurred due to opal replacing the wood material and often filling in the micro-pores in the wood to create a more solid material. They are often found embedded in Neogene volcanic tuffs (Ghițulescu & Borcoș 1966; Ghițulescu et al. 1968; Borcoş et al. 1986; Mârza & Constantina 2000) . This materials and its sources have been presented in detail by previous authors (for more details, see Nagy & Mârza 1967; Petrescu & Nuţu 1969; 1970; Givulescu 1997; Iamandei & Iamandei 1997; Ghiurcă 2000; Iamandei & Iamandei 2000; 2001; Alcalde-Olivares 2002; Nagy et al. 2002; Iamandei et al. 2004; . (2014) 
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Methods
All of the materials in this study were analysed macroscopically, by eye, hand loupe and a Nikon SMZ645 stereomicroscope. Representative samples of each material were thin sectioned and analysed by polarized light optical microscopy using a Nikon Eclipse E200 Pol microscope. Images were captured with a Nikon D3100 DSLR camera. In total 15 samples, from 16 sources, were analysed microscopically. The macroscopic and microscopic observations of the samples were stored in a database using standardised terminology and descriptions by Crandell (2005; 2006) . One sample (from the Brad Sanitorium outcrop) was also analysed by Prompt Gamma Activation Analysis to determine its chemical composition (Crandell 2012 ).
Results and discussions
Sinter
At the source near Brad, the material has various colours, from white to yellow, red, brown or orange or even black. It is opaque, glassy or waxy (sometimes matt), with a very fine grained surface. The rock has either a very poor or a good conchoidal fracture (Ghițulescu et al. 1968 ). This characteristic varies significantly between samples. Still, a few hours of searching can reveal a large quantity of material suitable for knapping. The material is not as sharp as chert or jasper but is sufficient for use as a cutting or scraping tool. This material has been known about since as early as the 1800s (Zepharovich 1859: 304, 372-373) and was used up until the 1990s to produce decorative objects such as vases and bowls in workshops in the town of Brad (Ghiurcă 1981) . At other locations, this material also varies in colour and lustre. At some locations it is whitish, translucent to opaque, often matt and sometimes waxy or glassy. Other samples observed were black, grey and shades of brown. The dark materials observed were almost always matt and opaque. Occasionally, materials have other combinations of visual characteristics, including some with a green colour and others with a dark, opaque, metallic, glassy appearance (See Figure 3) (Ghițulescu et al. 1968) . The variations in colour are caused by the presence of Fe and Mn oxides Pop et al. 2004; Crandell 2012) . In addition to the microcrystaline quartz, this material was also observed to be comprised of microfibrous quartz, opal, and Fe oxyhydroxides (Figure 4) . At all locations this material contains fossilised remains of molluscs and silicified remains of marshy plants, such as reeds. These remains may be visible with the eye as well as under the microscope (Figure 4 e-h). (2014) 
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Agate
There are numerous sources of agate within the study area but they are generally small in quantity. As well, most bands are less than a few centimetres thick and as such much of the material is unsuitable for knapping tools. Many of the agate samples from this study are housed in the Museum of Mineralogy at Babeș-Bolyai University. The agates from this area vary in colour but red is a common colour, followed by yellow. Translucency varies a lot but most pieces range from translucent to sub-translucent (for descriptions of terminology, see Crandell 2005; Crandell 2006 ). They may be banded in relatively flat lines or concentrically. The quartz grain size varies a lot from microscopic to macroscopic crystals. (See Figure 5. ) Larger, visible crystals are more common in thicker pieces, some of which have empty areas in their centres (see Figure 5 c, for an example of large crystals). The size of the quartz crystals strongly influences how well the material breaks with a conchoidal fracture. Samples with a fine grain produce a better and more reliable conchoidal fracture. Some materials are fractured and may make the materials more difficult to knap. These last two characteristics are the main ones which determine the worth of the material for knapping.
From microscopic observations, one can quickly notice that this material is almost pure quartz ( Figure 6 ). It appears mainly in the form of microfibrous quartz. Cracks in the material may be in-filled with larger quartz crystals or with further microfibrous quartz which formed on the walls of the crack and grew towards the centre of the crack. Banding may occur even on a microscopic scale (see Figure 6 a-d). Fe hydroxides were also observed under the microscope, with some bands containing more Fe than others, the likely cause of the variation of colour visible macroscopically in the samples. 
Silicified wood
The source of the silicified wood within the study appears to be limited to a very small area. Samples were found in situ within the remains of a petrified forest south-south-west of Ociu, at the edge of the town and the actual (living) forest. There were also found near Ociu in a valley which the local residents referred to as "Marinar" Valley, although this might not be an official designation of the valley. This valley opens to Ociu at the southern end of the town and is oriented SW-NE. It is very close to the petrified forest which is likely the source of the silicified wood found in the valley. Note that this same valley also contains sinter (Figure 3 i. and j. ). Samples were also found north of the town of Prăvăleni at the location known as Culmea Cremenii (Chert Peak). Furthermore, a sample from near Basarabeasa, housed at the Museum of Mineralogy, Babeș-Bolyai University was also studied. (For locations, see the map in Figures 1 and 2.) This material is generally poor quality for knapping tools. Some factures may be conchoidal but most area either along or perpendicular to the original grain of the wood. The edges produced by fracturing the sample were generally not sharp when compared to most other knappable materials. Many samples were also friable. (See Figure 7 for examples.)
When viewed by petrographic microscope, the original structure of the wood (see Figure 8 ). The material is composed almost entirely of microcrystalline quartz, along with some voids filled in with microfibrous quartz (see Figure 8 ).
The quality of this material for tool making is low. It is described and pictured here mainly to illustrate what it is and to show why it is unlikely to have ever been used for knapping tools. Silicified wood may have been used in other areas where the material has developed more suitable characteristics. 
Lithotheque
The database of raw material sources is also available to researchers to compare artefacts and potential sources for provenance studies. Being able to source artefacts better will assist in determining trade routes and trade directions. In addition to recording the descriptions in of raw material sources and samples in a database, the representative physical samples collected in the field and the petrographic thin sections are included in the Romanian Lithotheque collection at Babeș-Bolyai University in Cluj-Napoca (Crandell 2009 ).
Conclusions
The combination of macroscopic features with microscopic features is important in any proper characterisation study of knappable materials. An objective description allows for sound interpretation in future archaeological research, in particular by assisting in identifying the sources of lithic artefacts. With the data presented here and the representative samples in the lithotheque, lithics researchers in the Criș Valley and nearby areas have reference materials which can be compared against similar characterisations of artefacts.
